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Overview  -  Reza  Abbaschian 

SiC  Fibers  -  Chris  Batich,  Michael  Sacks,  Bill  Toreki 
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Fiber  Synthesis/Costing 

1 )  ’Atomic  Layer  Epitaxy’ 

R.  Aparick),'  E.  Allen,  J.  Woian,  and  TJ.  Anderson 

2)  ’Chemical  Vapor  Infiltration’ 

R.  Aparicio,  E.  Allen,*  J.  Woian,  and  TJ.  Anderson 

3)  ’Chemical  Vapor  Deposition  of  TiC,  on  Refractory  Substrates’ 

R.  Aparicio,  E.  Alien,  J.  Woian,*  and  T.J.  Anderson 

4)  ’Chemical  Vapor  Infiltration  and  Atomic  Layer  Deposition  of  TiC  on  Ceramic  Substrates” 

R.  Aparicio,  E.  Allen,  J.  Woian,  and  T.J.  Anderson* 

5)  ’Soi*Gei  Processing  of  Continuous  Muilits  Based  Fibers’ 

S.  Al-Assafi,*  T.  Cruse,  T.  Miller,  A.B.  Brennan,  and  J.H.  Simmons 

6)  ’Sol-Gel  Processing  of  Continuous  Muliite  Based  Hbers’ 

S.  Ai-Assafi,  T.  Cruse,*  T.  Miller,  A.B.  Brennan,  and  J.H.  Simmons 

7)  ’Polymer-Derived  Silicon  Carbide  Fibers  with  Low  Oxygen  Content  and  Improved 
Thermomechanical  Stability” 

W.  Toreki,  C.D.  Batich,  M.O.  Sacks,  M.  Saleem,*  G.J.  Choi,  and  A.  Morrone 


Microwave  Processing 

8)  ’Microwave  Processing  of  High-Performance  Ceramics  and  Composites* 

D.E.  Clark,  Z.  Fathi,*  A.D.  Cozzi,  D.C.  Folz,  I.  Ahmad,  S.  Al-Assafi,  A.S.  De', 
and'  R.C.  Dalton 

9)  ’Microwave  Processing  of  Sol-Gei-Derived  Glass-Ceramics  for  High  Temperature  Composite 
Matrices* 

A.D.  Cozzi,*  Z.  Fathi,  and  D.E.  Gark 


Ceramic  Matrix  Composites'. 

1 0)  ’Fabrication  of  MulIHe  and  Mullhe-Based  Composites  by  Transient  Viscous  Sintering  (TVS)  and 
Pressure-AssisM  Transient  Viscous  Sintering  (PATVS)* 

N.  Bozkurt,  G.W.  Scheiffeia,*  YJ.  Lin,  A.  Ulicny,  and  M.D.  Sacks 

1 1 )  ’Fabrication  of  Composites  with  Low  DMectric  Constant  Using  Microcomposite  Particles’ 

R.  Raghunathan,*  I.Y.  Park,  G.W.  Scheiffele,  and  M.D.  Sacks 

12)  ’  Processing,  Microstructure  and  Properties  of  SiAIONs  Prepared  from  Microcomposita  Particles’ 

A.  Bagwell,  R.  Raghunathan,*  and  M.D.  Sacks 

13)  ’Fabrication  of  SiC-Based  Composites  by  Reactive  Infiltration  of  Metals  (RIM)* 

K.  Wang,*  G.W.  Scheiffele,  P.J.  Sanchez-Soto,  and  M.D.  Sacks 
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Intermetailic  Matrix  Composites 


14)  'Processing  of  Compositionally  Tailored  Silica-Free  MoS^/SiC  Composites* 

S.  Jayashankar,  *  A.  Costa  e  Silva,  and  M.  Kaufman 

15)  'Phase  Relations  in  Some  Systems  Relevant  to  MoSij  Processing* 

A.  Costa  e  Silva,'  S.  Jayashankar,  and  M.  Kaufman 

16)  'Modelling  and  Design  of  Toughened  Composites' 

L.  Xiao,  M.  Somerday,*  and  R.  Abbaschian 

1 7)  'Microstructures  and  Properties  of  MoSi2/Nb  Coated  and  Uncoated  Interfaces  and  Their  Effects 
on  Toughness' 

L.  Xiao*  and  R.  Abbaschian 

1 8)  'Toughening  and  Strengthening  of  MoSij  with  SiC  Whiskers  and  Ductile  Reinforcement* 

L  Xiao*  and  R.  Abbaschian 

19)  'Fabrication  of  Toughened  Composites  via  Reactive  Hot  Compaction  and  Irt-situ  Coating' 

H.  Doty,*  L.  Lu.  A.  Gokhale,  aruf  R.  Abbaschian 

20)  'Deveiopment  and  Characterization  of  interfece  Coatings  in  NiAl  Matrix  Composites' 

P.  Krishnan*  and  M.  Kaufman 

21 )  'Rber-Reinforced  TaTiAl2  Alloy  Composites' 

I.  Hwang*  and  R.  Abbaschian 


Mechanical  Behavior 

22)  'Optimization  of  Creep  and  Fracture  Properties  by  Microstructure  Design* 

B.  De  Aragao,*  J.R.  Castillo,  and  F.  Ebrahimi 

23)  'Fracture  Energy  Anisotropy  of  Single  Crystals* 

L.  Kalwani*  and  F.  Ebrahimi 

24)  'Toughening  by  Metallic  Lamina  in  Tape  Casting  Nickel/Alumina  Composites* 

Z.  Chen*  and  J.J.  Mechoisky  Jr. 

25)  'Fracture  of  CVD  Diamond  Films  on  Silicon* 

Y.L.  Tsai*  and  J.J.  Mechoisky  Jr. 


'  Other  Contributed  Posters  on  New  Processing  Technologies 

26)  'Surface  Modification  of  BaTiOs  Paniclos  Via  Oxalic  Acid,  Polyethyieneimine  in  Aqueous 
Systems*  • 

R. E.  Chbdelka*  and  J.H.  Adair 

27)  'Electrothermal  Synthesis  of  BaTiOs  Thin  Films  at  55*  C” 

S.  Venigaila,*  P.  Bendale,  T.  Tsukada,  J.R.  Ambrose,  and  J.H.  Adair 

28)  'Glycothermal  Synthesis  of  0-AI2O3  Particles  at  Ultra4.ow  Temperature” 

S.B.  Cho,*  S.  Venigaila.  R.E.  Chodelka,  and  J.H.  Adair 

29)  'MorKxiispersed  Nanosize  Pt  Particles  Using  Microemulsion  Technique* 

V.  Nagabushnam*  and  J.H.  Adair 
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improved  elastic  modulus 
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Objective 
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Approach 

•  Fabricate  SiC  fibers  with  iow  oxygen  content 

•  Dry  spinning  of  organosOicon  polymers  without  oxidative  or  irradiative 
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SUMMARY 


UF  fibers  were  preparcKi  by  dry  spinning  of  concentrated  solutions  of  high 
molecular  weight  (-5,000-10,000)  pdycarbosilane  (PC)  (with  spinning 
aids)  and  subsequent  pyrolysis  of  the  polymer  fibers 


Processing 

No  oxidative  or  irradiative  cross-linidng  step 
Polymers  solutions  Itave  excellent  spinnabiiity 
High  ceramic  yield  after  pyrolysis 

Green  and  partlaliy-pyrolyzed  fibers  liave  good  mechanical  properties 


PropgrtlM 

Fibers  with  low  oxygen  content  ( —  1  -2%),  range  of  diameters  ( — 8-50  inti), 
round  cross-sections,  and  relatively  snu>oth  surfaces 

Average  tensile  strengths  as  high  as  —3.3  GPa  for  as-pyrolyzed  fibers 

Average  rupture  strain  -1.5%  for  as-pyrolyzed  fibers 

Average  tensile  strength  as  high  as  2.3  GPa  and  average  elastic  modulus 
as  high  as  250  GPa  after  1500*C  (1  h)  heat  treatment  in  argon 

Average  tensile  strength  as  high  as  1.9  GPa  and  average  elastic  modulus 
as  high  as  235  GPa  after  1700*C  (1  h)  lieat  treatment  in  argon 


FUTURE  DIRECTIONS 


•  Optimization  of  Fiber  Processing  Conditions 

•  Additional  Characterization  of  Fibers 

•  Compositional  Modification/Microstructural  Development 

•  Scale-Up 
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Continuous  vs.  batch  process 
Tensioning 


Procesa  Controls/Senaors  for  Optimization  of  Fiber  Fabrication 


Metering  pump 
De-airing  station 
In-line  filtration  station 
Viscosity  sensor 

Spinneret  head  temperature  and  pressure  sensors 

Muitistage  spinning/drying  chamber  (temperature/atmosphere 
controis) 

Sensors  to  monitor  temperature,  gas  composition,  gas  flow 
rate,  and  fiber  diameter  in  spinning/drying  chamber 

Frictionless  winders 

Continuous  pyrolysis  facility 


Fiber  Characterization 


Microetructure  and  Properties 

High  temperature  testing  (e.g.,  strength,  creep)  in  oxidizing  and 
non-oxidizing  atmospheres 

Detailed  TEM  analysis  and  compositional  mapping 

Fracture  analysis 

Suitabilitv  for  Composite  Fabrication 
Fiber  weavabiiity 

Stability  under  compositing  conditions  (e.g.,  high  temperature/ 
high  pressure) 


Microstructural  Pevelopment/ComDOsitional  Modification 


•  Lower  Oxygen  Content 


•  Increased  Si:C  ratio 


•  Oriented  Grain  Structures 


Co-Workers/O 
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OF  MiOMPA 


Hard  to  include  additives 


OF  HiOMPA 


OF  IFILOUDA 


•Same  benefits  for  BN  precursors  and  others 
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Fig.  7.  Hot  tend*  snngthoINcxtci  480  fiUmants  measured 
a(  various  temperatures  in  air. 


Fig.  8.  Hot  clastic  modulus  o(  single  fOamenlsofNextel 
480  measured  at  various  temperatures  in  air. 


Rg.  9.  Creep  rate  oi  Neatei  480  roving  measured  at 
various  temperatures  in  air. 
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Pronounced  shrinkage  during  heating 
Polymer  burnout  and  carbonaceous  residues 

Phase  transformations  vs  viscous  phase  sintering  /  no  residual  glass  phase 
Continued  handling  damage 


Comparison  of  Fiber  Processing  Methods 


Method  #2:  Pulled  by  Hand 


MULLITE  FIBER  FABRICATION 
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Process  control 
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Identified  formation  of  6  AljOg  •  1  SiOj  spinel  phase  at  lOOOoC  in  the 
presence  of  alumina  grains. 

•  Spinel  phase  retards  mullite  transition  to  1350°C. 

•  Spinel  phase  liberates  silica  to  allow  for  viscous  phase  sintering. 
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Formed  2-3  micron  grain  structure. 
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biuaies  OT  boenmite  seed  volume  fraction  effect  on  intermediate  spinel 
phase  formation 

Studies  of  the  relationship  of  silica  sol  microstructure  to  sintering  kinetics 
and  full  mullite  conversion 

Studies  of  tolerance  of  spinning  process  for  partial  colloid  addition. 
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INNOVATIVE  PROCESSING  OF  COMPOSITES  FOR 
ULTRA-HIGH  TEMPERATURE  APPLICATIONS 
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INNOVATIVE  PROCESSING  OF  COMPOSITES  FOR 
ULTRA-fflGH  TEMPERATURE  APPLICATIONS 
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•  Use  alloying/processing  to  effect  one  property  and  artificially 
composite  to  effect  the  other. 

•  Use  hybrid  composite  approaches. 
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Explore  novel  processing  routes  to  improve  microstructural  and  compositional 
control,  increase  process  efficiency,  minimize  contamination,  and  control 
reinforcement  alignment. 
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Volume  Fraction  14.6%  Volume  Fraction  27  68% 

Mean  Spacing  142.4  jim  Mean  Spacing  75.1  iir 


University  of  Florida 


problems  with  one  or  more  of  the  above  Issues  and  Interface 
modifications  are  requiredll  Unfortunately,  It  Is  difficult  to  solve 
all  problems  with  a  single  Interface. 
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thermodynamics  standpoint 
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Typical  Reaction  Scenarios 
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Nb  Filaments  Without  Diffusion  Barrier  Nb  Filaments  With  Diffusion  Barrier 


Absence  of  Diffusion  Barrier  Results  in  Preoxidized  Nb  Filaments  Produce  an 

Embrittlement  of  Nb  Filaments  by  Al  and  an  "In-Situ"  Alumina  Diffusion  Barrier  During 

Extensive  Interaction  Zone  RHC.  Note  the  Absence  of  Nb  Embrittlement 

and  interfacial  Reaction  Zone 


Microstruclure  of  In-Situ  Formed  Alumina  Interfacial  Layer 
SEM  Micrograph.  I  EM  Micrograph 
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Nb'NiAl  Diffusion  Couple 
4  Hours  St  1200  C 


Electron  microprobe  Uncacan  showing  extensive 
reaction  zone  bmween  the  NiAl  matrix  and  untreated 
nitibium  remforccmcnt 


In-sittt  coated  Nb-NiAl  Diffaeioa  Coaple 
100  Hoars  at  1200  C 


Electron  mkroprobe  linescan  showing  reactiveiy 
formed  alumina  interface  between  NiAl  matrix  and 
pretreated  niobium  reinforcement. 
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4  Point  Bend  Test  -  Chevron  Notch 
NiAl  Matrix  -  Nb  Filaments 
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Why  Mechanical  Alloying? 
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High  temperatures  required  to  consolidate  MoSi2  —  can 
consolidate  MA'd  powders  at  relatively  low 
temperatures  (e.g.,  1200°C) 


nmumumimimii 

X-ray  diffractogram  of  a  typical  powder  sample  attritted  for  40  hours 
showing  the  presence  of  a-MoSi2  (labelled  T),  |5-MoSI2  (labelled  H)  and 
molybdenum  (labelled  Mo).  Inset  shows  a  dark  field  TEM  of  a  powder 
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Figure  6  Mechanical  alloyed  Mo-Si-C  vacuum  hot  pressed  at  >  16000.  The  left 
side  of  the  picture  is  close  to  the  sample  surface.  The  phases  present 
indicate  this  area  is  poorer  in  silictm. 

(Daik  phase:  SiC  Gray  phase:  MoSt2.  Light  phase:  MosSisC) 


HJiMvarsni^  ®ff  IFTl®irDdlffi 


Ut  O 
C 

Su 

c«  « 

gsJ 

%< 

OH 


CA  On 

c«  5 

M  »c 

Ug 

a^  S 

0,0 

s* 

h< 

i= 


iiiEir 


CO 

CD 

E 

4=  ^ 

0)0. 

‘-.s 

o 

'•55  O) 

=6.E 
c^ 
o  g 

O  (0 

■p  2 
©  Q. 
.N  Q. 

'g  CO 

<0 

Q.0 

2  I 

CD  S 
T3  0 

c-g 


o  3> 
cDt: 
OlCD 
ca  Q. 
«♦-  o 

.S  Q. 
^  CD 

®2 

Ms 

-o  a> 
o  Q. 

Q.E 

®  x: 

^.5> 

-C  c 
<0*5 
®  Q. 
CO? 

al 

E  " 

O  CD 

•si 


*05 

O  (0 

2  3 

O  CO 

*?=  > 

.E  CD 

^  0 
$  CO 


a  {L  03  ce 


CO 

$  O) 

y?  o’ 

C0“^  ;;5 

P  o-^ 

E  ®  “in  “ 

0"0-®  O) 

^  0 

2  2 

o  ® 

C.CO  Q.0 

«  g  CO  « 

_S  2.-=  Q- 

^  E  si 
<I>  o 

•Ill® 

E  CO  Q.^ 

'»■§■§  ® 

O 

o 

S  ®  ®  0 

S5  >.>s0 

cl«  ® 

i.a.2^ 

®  E  S  ^ 

_Q  CO  CO  3 

®'o"o  ^ 

>  0)  g>  .£ 

£  E  E-f 

(0 

CO  o—  >• 

oco  >-  o 

2  .£« 

S  o  .O 

“’w  ®5S 

o  -"2  "co 

*-5'6  • 

0  o 

c  ®  c  2C/5 
o  CD*“  3  ^ 

■2-i  S?2 

0*0-0  cLoa 


<0 

0 

o 

o  . 

o  CO 

k  ® 

c  5 

CO  0 

o® 

S-® 

E^ 


=  i 

co^ 
0  o 

CO  o 
3  CD 
s  »— 

>  O 
0  O 

^2 

0  CO 

2  0 
Q. 
p  CL 

fe  ® 
to^ 

>s^ 
CO  O 

9i 
wz 
6  &> 


2  0 
^  CO 
f-  O 

--  Q--: 

CO  2*0 

liS 

^CD 

2-C 
CD  ^  0 

/!-»  O  ^ 

2o  S 

-So  CD 
“*0  Q. 
CDO  C 

r-  <r»  H- 


O  ^ 

^  c 

Su 

S3 

2SJ 

Sg 

OH 


M  A 

wE 

So 

gS 

5< 

Po 


1 

m 


(0  ^ 

a  a' 

^1 

la 

a  I 


k.  • 


Oi 

^  c 

I  E 

■9  C3> 

9  =5 
S  w 

^  S 

Q)  S 
0) 

^  CO 
CD  CD 

1  £ 

9  o  (o 

T3  -g  :§ 
O 

C  c*  ®> 

.2  «  ^ 

I  8  2. 

ess 

CL  Q.  a. 


CO 

^  ’fc- 
§  ^ 
6  *3 

§-^ 

^  a> 

^  £ 

S  * 


9“  <0 
O  CL 


g  i 

-S 

c  p 

CO  *- 

CO  ^ 

It 

CO  P 

^  5- 

o  P 


(n  CO 
CO  O 
CO  Q 


INNOVATIVE  PROCESSING  OF  COMPOSITES  FOR 
ULTRA-HIGH  TEMPERATURE  APPLICATIONS 
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composites  exhibit  higher  elastic 
modulus  and  flexural  strength  at 
1000  and  1200C 


Processing  conditions:  hot  pressed  for  30  min  under  vacuum 
and  annealed  for  50  h  in  Ar  atmosphere 
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INNOVATIVE  PROCESSING  OF  COMPOSITES  FOR 
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Heat  treat  to 
crystallize  -  1 300X 


950  1000  1050  1100  1150  1200  1250 

Temperature  (C) 


Degrees  29 

All  peaks  correspond  to  the  hexagonal  phase 


Degrees  29 

most  peaks  correspond  to  the  monoclinic  phase 


to  improve  the  mechanical  properties. 

Crystallization  can  be  performed  at  lower  temperatures  in  the  microwave 


OPfflLOlllDA 


Pursue  work  proposed  to  other  agencies  to  investigate 
fundamentals  of  microwave/materials  interactions. 


Principal  Investigator:  M.D.  Sacks 


•  FIBER  DEVELOPMENT 


•  MATRIX  DEVELOPMENT 

•  COMPOSITE  FABRICATION 


Approaches 


Viscous  Processing 
Infiltration  Processing 


Potentiai  Advantages 
Near  Net  Shape  Fabrication 
High  Relative  Density  (Low  Porosity) 


Low  Processing  Temperatures 
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3AI2P3  +  2SI02  - ►  3AI2P3  +  2SI02  - ►  3Al2O3«2SI0^  (Mullite) 


OPEN  POROSITY  (%)  BULK  DENSITY  (g/cm^) 
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TEMPERATURE  (*>0) 


TEMPERATURE  fC) 


SIO2  -  AI2O3  PHASE  DIAGRAM 


MOLE  %  AI2O3 


WEIGHT  %  AI2P3 


3(Si02) 


-1750* 

3Al20s‘Si02  2(Al203) 
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MULUTE 


SIUCA/ALUMINA 

MULUTE/ALUMINA 

MULUTE/SIUCA 

MULUTE/ZIRCONIA 

MULUTE/SIUCON  CARBIDE  PARTICLES 
MULUTE/SIUCON  CARBIDE  WHISKERS 
SIUCA/SIUCON  NITRIDE 

SIALON  {fi,  O,  J  PHASES) 
SIALON/ALUMINA 
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SIALON/SIUCON  NITRIDE 


Pressure-Assisted  Transient  Viscous  Sintering  (PATVS) 
(fiber-reinforced  composites) 


Seeded  Phase  Transformations 

(lower  processing  temperatures,  finer-grain  microstructures) 


Microcomposite  Particles  with  Multicomponent  Coatings 
(expanded  range  of  compositions,  lower  processing  temperatures) 
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•  Pressure-Assisted  Transient  Viscous  Sintering  (PATVS) 
(fiber-reinforced  composites) 


•  Seeded  Phase  Transformatioiis 

(lower  processing  temperatures,  finer-grain  microstructures) 


•  Microcomposite  Particles  with  Multicomponent  Coatings 

(expanded  range  of  compositions,  lower  processing  temperatures) 
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Recent  Developments  in  Viscous  Processing 


Pressure-Assisted  Transient  Viscous  Sintering  (PATVS) 
(fiber-reinforced  composites) 


Seeded  Phase  Transformations 

(lower  processing  temperatures,  finer-grain  microstructures) 


Microcomposite  Particles  with  Multicomponent  Coatings 
(expanded  range  of  compositions,  lower  processing 
temperatures) 


~17  wt%  B2O3 
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OPEN  POROSITY  (%)  BULK  DENSITY  (g/cm’) 


TEMPERATURE  fC) 


Reactive  Infiltration  of  Metals  (RIM) 


Qbiectivea 

•  Densification  with  little  or  no  shrinkage 

•  SiC-based  composites  with  little  or  no  residual  metal 


Approach 

•  Low  temperature  infiltration  of  carbon  precursor  and  high 
temperature  infiltration  of  silicon  alloy. 


GREEN  BODY  SINTERED  BODY  SILICONIZED  BODY 
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Number  of  Infiltrations  Number  of  Infiltrations 


SUMMARY 


Fabrication  of  a  Wide  Range  of  Ceramics,  Glass/Ceramic 
Composites,  and  Ceramic/Ceramic  Composites 

Low  Temperature  Densification  by  Viscous  Row 

Unique  Microstructures  (e.g..  High  Volume  Fraction  of 
Well-Dispersed  Inclusions) 

Hot  Forming  of  Shapes 


SiC-Based  Composites  with  Low  Residual  SI  Content 
High  Density  (Low  Porosity)  Achieved  without  Shrinkage 


Co-WorKers 


G.W.  Scheiffelo 
N.  Bozkurt 
I.Y.  Park 
R.Raghunathan 
K.  Wang 
YJ.  Un 
A.E.  Bagwell 
AJ.  Ulicny 
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UMVEKSmiT  OF  FLOMP A 


Toughening  Can  Occur  Using  Different 
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METAL-CERAMIC  LAMINATE 
(Evans  and  Cao  et  al.) 


LAMINATE  DESIGN  OFFERS  MANY  POTENTIAL  MULTILAYER  STRUCTURES 


SELECT  DESIGN 


STORAGE  ROLL 
FOR  CELLULOSE 
ACETATE  SHEET 


Ni  (.240)  A1203 

All  external  layers  are  .22  mm  and  internal  layers  are  .30  mm  for  alumina 


Laminates 


STRENGTH  NEARLY  E^EPENDENT  OF  CRACK  SIZE  FOR  LAMINATES 


Indentation 


RESIDUAL  COMPRESSIVE  STRESSES  IMPEDE  CRACK  DEVELOPMENT 


APPARENT  TOUGHNESS  INCREASES  DUE  TO  ELASTIC  AND  PLASTIC  PROCESSES 


Displacement(pm) 


WORK  OF  FRACTURE  INCREASES  WITH  INCREASE  IN  THICKNESS 


Load  (N) 


a.  Scanning  electron  micrograi^  of  the  fracture  surface  of  a 
laminate  illustrates  the  crack  rcnucleation  created  beneath  the  ductile 
layer  at  B,  after  fracture  started  at  A, 


b.  Load-displacement  curve  shows  an  interruption  at  B 
due  to  crack  renuclcation  during  load  drop. 


Figure  1 3.  .Scanning  electron  micrograph  and  graph  iiiiisiraic  ciack  iciitK  k 
in  a  laminate. 


Volume  Fractioo 
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Crack  Length  (tim) 


LAMINATES  SHOW  DAMAGE  TOLERANCE 


inepoi 


III.  Ceramic/Metal  Composites  Offer  the  Potential  of  Crack  Size 
Independent  Strength  and  Damage  Tolerant  Design. 


